independent, as has been indeed observed in various amorphous materials [2, 3, 4] . Such an absorption originates from relaxation effects caused by strain modulation of the energy levels of the TLS, and the relaxation rate reflects the coupling of the TLS to phonons and/or electrons [5, 6] . Furthermore, the ultrasonic absorption is dependent on the acoustic intensity. At low intensities, this well-established effect is due to the saturation of the resonant absorption by two-level systems. The intensity at which saturation becomes noticeable depends on the relaxation rate of the TLS, which in turn allows one to obtain information on the origin of the relaxation mechanism [1] . Until now it was believed that the relaxation absorption due to TLS is power independent and that the only nonlinear absorption mechanism is saturation of the resonant process.
Recently, a series of papers have appeared presenting unexpected experimental results on amorphous PdSiCu [7, 8] , PdSi [9] , and PdNiP [10] . These investigations revealed a saturation effect of the ultrasonic absorption at power levels far higher than previously observed [4] . Furthermore, the absolute value of the unsaturated absorption was much higher than expected for a resonant absorption process, and the measured temperature and frequency dependence of the absorption was not in line with predictions of the theory [11, 12] and, in fact, seemed to be in severe contradiction with other experimental work [4] . This effect has also been found in polycrystalline NbZr containing low-energy excitations [ 13] . A more recent paper at least removes the contradictions between the various experimental results by showing that two different saturation stages must exist in these materials [14] : at a moderate acoustic flux a first saturation effect appears which is obviously the one already known (stage I) and which can be written as [12] :
Here, ~ is the acoustic flux, Oc is the critical flux, P is the density of states of the TLS, y is their coupling coefficient to phonons, p is the density, v is the sound velocity, and ~/2 7c is the frequency of the sound wave. For higher values of acoustic power (20 dB higher) a second saturation effect becomes noticeable (stage II), and the following empirical formula was found to describe this absorption mechanism quite well : a' 0 was found to increase linearly with the frequency and to be temperature independent below about 0.6 K. Above 0.6 K a' 0 decreases when the temperature increases. Equation (2) also holds for the previously published results [7, 8, 9, 10] . It where F2 = T 21 is the bandwidth in the limit ø = 0. As a first result the transverse susceptibility x 1 of the TLS is modified, and saturation of the acoustic absorption as described by equation (1) follows straightforwardly by taking into account the distribution of level splittings of the TLS. r 2 and r 1 (which is the inverse of the longitudinal relaxation time T 1 ) enter the expression of the critical flux : ø c is proportional to Fi 1 r 2 [ 11, 12] .
We propose that there is also an effect on the longitudinal susceptibility XII ~~ which governs the relaxational sound attenuation and dispersion. The relaxation absorption is dominated by TLS with splittings hcoo up to a few times kT. The acoustic wave saturates the TLS populations, reducing XII over an energy range ?7~' As long as ~T 2 C kT this effect is negligible because the hole burnt in the population is too narrow. However, at very high acoustic flux, such that ?7~ ~ kT, all the TLS normally efficient in the relaxation process have their longitudinal susceptibility XII strongly reduced, and the corresponding acoustic attenuation goes to zero.
More precisely, our explanation of the experimental results is based on the following hypotheses :
(i) The effective coupling constant C = P y2/pv2 for the resonant absorption is also valid for relaxation absorption. This implies that the distribution function of TLS is the same as originally proposed [16] .
(ii) In amorphous metals, the transverse relaxation time T2 of the TLS is very short, and apparently of the order of T 1 [ 17] , and therefore one can write [ 18] :
These short relaxation times originate from the strong coupling of TLS to electrons [6] .
(iii) We assume for the longitudinal susceptibility :
The third factor in this equation describes the change of population difference of the TLS due to the acoustic flux at frequencies co/2 vr. We admit that the form of equation (5) [ 14] . The theoretical calculation is the sum of the resonant absorption (dashed line) and the power-dependent relaxation absorption (dashed-dotted line) obtained using VT = 1.8 x 105 cm/s, C ~ 4.1 x 10 and K 1 2 x 10 10 K -1 S -1. 0 c "'P and 0 c "'P are experimental values from reference [ 14] .
ø :81 and 0 c "I are the values calculated as explained in the text.
In figure 1 [14] . With increasing acoustic power the absorption indeed decreases. Using v~ =1.8 x 105 cm/s we obtain the best fit with the following parameters : K i = 2.0 x 10 10 K -1 s T 1, C = 4.1 x 10-s. They are very close to those obtained from previous experimental results on the same material [4] . The agreement between theory and experiment is quite satisfactory, although there is a slight discrepancy, as can be seen in figure 1 . We think that this is of minor importance considering the stage of the present theory and also the experimental data available. However, we should like to point out the following : a) Equation (5) is only valid in the present form, if there is a sufficiently large thermal reservoir in order to define a temperature T at which the sample is held. Saturation of the whole ensemble ofTLS up to kT is equivalent to increasing the temperature of the TLS. In the case of the experiments in the non-superconducting metallic glasses [7, 8, 9, 10, [ 14] . The critical flux (indicated by the arrows) as defined by equation (8) increases with increasing temperature in agreement with the experiment.
We now focus our attention on the comparison between theory and experimental results at higher temperatures. Our calculations yield a saturable relaxation attenuation which increases as T increases and which tends to a constant value when the condition c~T;' ~ 1 is fulfilled. The constant value corresponds to the plateau [5] observed at higher temperatures in various materials. The interpretation given in [14] of the experimental data leads to the conclusion that the attenuation is constant up to 0.6 K and then decreases with temperature. We believe that this is an artefact of the analysis of data obtained over only a limited range of acoustic flux. We also find that the intensity at which saturation sets in becomes larger with higher temperatures, which is in line with the experimental data [14] . However, we should like to point out that it is not possible to infinitely increase the intensity in the experiment. As a consequence, the higher the temperature, the more difficult it is to fully saturate the relaxation absorption, and hence it becomes increasingly inaccurate to deduce the unsaturated absorption (Irel. Figure 2 shows the result of a series [14] , triangles from [8] Let us assume that the relaxational saturated attenuation is the difference Aa between the attenuation at very low acoustic flux and the attenuation at the highest flux in [ 14] . Using this assumption we can obtain this quantity from figure 2. The result is displayed in figure 3 , together with the experimental data [14] . Surprisingly, the fit is quite reasonable if we consider the approximations used in the theory and the arbitrariness of our procedure.
Finally we show in figure 4 the frequency dependence of our calculations for T = 0.3 K together with corresponding experimental data [8, 14] . Our results are quite trivial. Because the temperature is low the saturated attenuation Da is practically equal to (Xre¡(w, 1), and the linear dependence ofAx on a) is very well established as long as cc~Tm 1. There have also been efforts to observe the effect considered here in fused silica but they failed [7] and we think that the reason is straightforward : the relaxation absorption in a-Si02 at T = 0.3 K is of the order of 0.06 dB/cm which is hardly observable.
We should like to mention that according to our theory the sound velocity caused by relaxation becomes also saturable. However, a complete treatment of all relevant effects is not straightforward, because the resonant contribution to the dispersion may also become power dependent, as has been shown experimentally [17] and theoretically [20] . We shall present corresponding calculations in a later paper.
In summary, we have proposed an explanation for the recently discovered nonlinear acoustic absorption in amorphous metals. Our explanation is entirely based on the dynamics of the TLS. We should like to emphasize that our interpretation of the experimental data is a good illustration of the power of the theory of TLS inherent in amorphous materials.
